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Vy^^?^ IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial 
Chemical House, Mfflbmfc, London S\F1P 
3JF, a British Company, do hereby declare 
tlie invention, for which we pray thai a patenr 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment:— 
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This uxvemioa relates to a process for the 
manufacture of p erchlorofluo romcthanes. 

It is known that aliphatic and pamally- 
chlorinated aliphatic hydrocarbons can be 
brought into reaction with hydrogen fluoride 
and chlorine in the absence of a catiysr ac a 
temperature of from 300°C to 500°C to give 
fluorinated alkanea. However such a chloro- 
hydrofluoriiiatiaa reaction is not completely 
satisfactory la that there is an undesirably 
wide spectrum of fluorinated aDanes in tie 
reaction product and/or that yields of 
chJorofluoromcthancs are low, particularly of 
chloroflnoromethaiies conrairung two fluorine- 
atoms in the molecule. The teachings has 
been that excessive reaction temperatures can 
cause pyrolysis and carbonisation and accord- 
ingly it has been disclosed that the reaction 
must not be carried out at a temperature 
exceeding 500° C. Indeed temperarores of 
from 350X to 450°C have been preferred 
for the reaction. 

We have now surprisingly found that 
eminently useful results can be obtained in 
the chlarohydioflnorination of certain ali- 
phatic hydrocarbons and halogcnared ali- 
phatic hydrocarbons at temperatures in the 
range 525 B C to 700 fl G 
„ According to the present invention we pro- 
vide a process for the rnanufacrure of a per- 
chlorofliioromethane which comprises bringing 
into reaction an aliphatic hydrocarbon having 
three carbon atoms or a halogenated aliphatic 
hydrocarbon (as hereinafter defined having 
one to three carbon atoms with hydrogen 
fluoride and chlorine in the absence of a 

[ 



particuhte catalyst at a temperature in the 
range 525*C to 700°C. 

The term "catalyst" as used herein in- 
eludes elemental carbon. 

By the term "a halogenated hydrocarbon" 
as used throughout the present specification 
is meant an aliphatic hydrocarbon in which 
aU or some of the hydrogen atoms in the 
hydrocarbon have been replaced by chlorine 
or fluorine or a combination thereof, other 
than a fully-fluorinatcd hydrocarbon. 
1™ reactioa temperature is at 

? C r>coi ^J**^ in the range 
J/3 C to 625 C are particularly preferred. 
It is a surprising feature of the present pro- 
cess that at the high temperatures employed 
aid particularly with the preferred tempera- 
tares no pyrolysis or caxbonation occurs while 
st the same rime there is obtained a fully- 
halogcnatcd reaction product which com- 
prises mainly chloromioromethanes having a 
significant proportion of dichiorodifluoro- 
metnane with respect to other halomethanes 
together with compounds which may be fur- 
tner reacted to give the aforesaid halometh- 
anes. 

Mixtures of the hydrocarbons and/or the 
JCSS"™ ty****?" may be used if 
geared. The hydrocarbons and halogenated 
Jydrocarbons may be saturated or unsaturated. 
Usually when a halogenated hydrocarbon is 
employed as organic starring material or as a 
component thereof it is preferred that it con- 
taws at least one hydrogen atom in the 
molecule. The present process may be utilised 
for the crtoohydrofluorination of chlorinated 
residues obtained in the production of chlorin- 
fttdj&Phafcc hydrocarbons. Said residues may 
oe obtained from cocychlorinatiori processes, 
cracking processes and hydrochlorination pro- 
cesses which are utilised for instance in the 
manufacture of 1,2 - dichloroethane, rri- 
cUoroerhylene, ^nyi chloride and 1,1,1 - tri- 
chloroethane. Such residues often comprise 
Manures ; predominaring in partially chlorin- 
ated Q hydrocarbons which may be associated 
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whh chlorinated Q hydrocarbons and a. small 
amount of other chlorinated hydrocarbons such 
as chlorinated C and Q hydrocarbons. Said 
residues may be fed wirh other organic staxt- 
5 rag materials to the reactor. 

It is preferred to employ an organic starting 
material containing three carbon atoms in the 
molecule. Chlorinated C, hydrocarbons such 
as aUyl chloride or propylene dichloride may 
10 be employed. Mixtures of such chlorinated 
hydrocarbons may be used. Good results are 
also obtained when using fiuorinated Q, hydro- 
carbons, for example, when using monofmoro- 
propeaes, monofluoropropanes, difluoropro- 
15 panes or mixtures of fluorinared Q hydrocar- 
bons. These fiuorinated hydrocarbons can con- 
veniently be prepared by reaction of the appro- 
priate unsaturated Q hydrocarbon with hydro- 
gen fluoride at comparatively low lempcraturcs 
20 of the order of 100°C to 120°G Indeed in 
such a process a sufficient excess of hydrogen 
fluoride may be introduced with the urremrr- 
ared Cs hydrocarbon to make the fiuorinated 
material and to provide hydrogen fluoride for 
25 the chlorohydiofluorination reaction. 

It is particularly preferred to employ a 
hydrocarbon containing three carbon atoms 
as organic starting material in the present pro- 
cess. Thus the Cj hydrocarbon feed may cora- 
30 prise propane, propylene, methyl acetylene or 
allene. Again mixtures of Q. hydrocarbons 
which are available commercially as a by- 
product of the petroleum industry and which 
have been of use only as a source of fuel are 
35 eminently useful in the present process. 

The proportion of hydrogen fluoride with 
respect to organic starting material may be 
varied over a wide range depending on the 
particular starting material, in particular on 
40 the number of carbon atoms and the degree 
of halogcnation therein, and on the degree of 
fluorinaxion required in the product For 
example with a mixture predominating in a 
partially chlorinated d hydrocarbon there may 
45 be employed 1.5 to 5 moles of hydrogen 
fluoride (and of chlorine) per mole of said 
partially dilorinated Q hydrocarbon. Again 
with a C» hydrocarbon, especially an unsatur- 
ated G, hydrocarbon or mixtures thereof, there 
50 may be employed at least 3 moles and prefer- 
ably at least 5 moles of hydrogen fluoride per 
mole of said unsaturated Q hydrocarbon. Up 
to 15 moles or more of hydrogen fluoride per 
mole of unsaturated Q hydrocarbon can be 
55 employed. The proportion of chlorine with 
respect to organic starting material can also 
be varied over a wide range. Preferably at 
least 5 moles of chlorine and up to 12 moles 
chlorine per mole of unsaturated C, hydro car- 
60 b on are employed, although higher molar ratios 
of chlorine may be employed if dtsiied. 

In the present process there axe obtained 
various by-products including cUorofluorocar- 
bons containing two or three carbon atoms. 
65 Worthwhile amounts of trichbrorrifluaroethane 



<CFC1 5 . CF.Q) 

and diddorotctrafluoToethane: 

(CF 2 CI.CF 3 a) 

may be obtained from the process. Most, cr 
indeed all, of these by-products can .be re- 70. 
cycled to the process. The proportion of such 
recycled material to fresh organic feed is nor- 
mally not high. Considerable proportions of 
percMoroerhylene, for example 1 mole per 
mole of organic feed may be fed to lie reac- 75 
tor or if preferred higher proportions may be 
recycled. Preferably reaction conditions are 
regulated so that the amounts of perchloro- 
ethylene: emering and leaving the reactor are 
substantially constant. 80 

The present process is eminently suitable 
for carrying out in a continuous manner and 
requires only a simple type of apparatus. 
Atmospheric or soperannospheric pressures, 
for example 2 to 20 atmospheres gauge can 85 
be employed Superarmospheric pressures are 
useful in farilitathig purification of The pro- 
duct, Contact times in the range 1 to 30 
seconds, for example 1 to 10 seconds based 
on normal temperatures and pressures are suit' 90 
ably employed. The desired products can be 
recovered and purified using conventional 
means for example fractional distillation (or 
washing) techniques. 

The following Examples illustrate the in- 95 
vention. In the Examples the apparatus con- 
sisted of a nickel tube 105 cms or 210 cms 
in length having an internal diameter of 2.5 
cms. The tubes were heated over two-thirds 
of their length to the required temperature 100 
by means of external electrical Beaters. The 
reacranrs were vaporised and preheated separ- 
ably to temperatures up to 150° C before 
entering the reactor. The reactor off -gases were 
cooled, then passed through aqueous caustic 105 
solution to remove hydrogen chloride and any 
excess chlorine or hydrogen fluoride. The pro- 
ducts were dried over cai™ ?™ chloride. The 
volatile components of the reactor off-gases 
were liquified and analysed together with the 110 
non-volatile fractions using conventional tech- 
niques. No evidence of carbonation of the 
organic reac rant was observed in any of the 
Examples. 

Example 1 115 
The reaction employed was 210 cm in 
length. Over a period of 3 hours and giving 
a contact time of 5.9 seconds a gaseous mix- 
ture of C, hydrocarbons (having the approxi- 
mate composition propene 50%, propane 25% , 120 
a total of 25% methyl acetylene and allene) 
20 parts, hydrogen fluoride 54 parts, and 
chlorine 345 parts was passed through the 
reactor maintained at 590°G Analysis of the 
reactor off-gases (after removal of inorganic 125 
components) showed that the product com- 
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prised a. mixture of perdhlorofiuorocarboii^ 
composition of which is shown hereinafter. 
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cF,a 
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1L6 
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CFOj 
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CFjCl 
CCl^ 
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Qa ( 
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CFsQCFa 
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Cd^FCQ, 
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Compounds 4 to 10 inclusive were available 
for recycling. There was 100% conversion of 
the hydrocarbon mixture. 

Example 2 
The reactor employed, was 105 cm in length. 
At a temperature of 600°C a gaseous mixture 
of C» hydrocarbons 20.9 parts, (the composi- 
tion being as described in Example IX together 
with chlorine 385 parts, and hydrocarbon 
fluoride 155 parts was passed through the 
reactor over a period of 3.5 hours giving- a 
contact time of 4.0 seconds. After purification, 
the analysis of the reactor off-gases showed 
that they were a. mixture of perchlorofluoro- 
carbons The composition of which was : — 



30 



35 







parts 
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CFQa 


29.2 
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CFjCU 


27-0 
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cp 3 a 


4.8 
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ecu 


22 
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cpacFa 
cfclco, 


23 
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5.1 
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cOqCa, 


3.8 
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cciF=ca 2 


5.0 
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ca^ccic 


24.9 



Compounds 4 to 9 inclusive were available 
for recycling, 

Example 3 

The reactor used was 210 cm in length and 
was maintained at 613 °(X There was passed 
through the reactor a gaseous mixture of C, 
hydrocarbon 17 parrs (composition as des- 
cribed previously), chlorine 453 parts, hydro- 
gen fluoride 56 parts and perch Iorcethylcne 
342 parts over a. period of 3 hours; This gave 
a. contact time of approximately 10 seconds. 
The composition of the reactor off-gases after 
washing to remove inorganic materials was 
shown to be: — 



CFQ, 
CF a Q 



parts 
1013 
S3.5 
73 
27.7 
42 



6 c^a 

7 CFCI.CCL 

8 COF^CCl, 

9 ca^ca 



parts 
7.7 
12.9 
0i7 

262J 



There was 100% conversion of the hydro- 
carbon starting material and the carbon tetra- 
■ r hT n rirfr together with the. perhalo Q com- 
pounds were available for recycling. 



Example 4 
The reactor used was 210 cm in length. At 
a temperature of 600°C a gaseous mixture of 
propene 14.1 parts, chlorine 301 parts, hydro- 
gen fluoride 42 parts and perchloro ethylene 
342 pares was passed into the reactor over a 
period of 3 hours giving a contact time of 
10.7 seconds. The product after purification 
as described in Example 1 was analysed by 
known techniques and shown to comprise a 
mixture of p erch lorofluorcKarbons of approxi- 
mate composition shown below: — 



1 
2 
3 
4 
5 
6 
7 



CF s a 
CFd» 

ecu 

ca,=ca, 
CFa=oci a 

CFQa — CQ, 



parte 
7.8 
36.7 
54.8 
25.2 
315 
5.4 
9.7 
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Approximately the same amount of per- 
chloro ethylene left the reactor as entered it. 
Compounds 4 to 7 were available for recycling, 90 



Example 5 

Using the reactor of length 105 cm, which 
was maintained at 631°Q a gaseous mixture 
of methyl acetylene 21 parts, chlorine 390 
parts and hydrogen, fluoride 138 parts was 95 
passed through the reactor over a period of 
3 hours giving a contact time of 3.5 seconds. 
The product after washing and drying was 
shown, to comprise a m inure of chlorofluoro- 
methanes. The precise composition was; — 100 
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parts 
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CFOa 


57,1 
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CF,^ 


31.6 
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CFjCI 
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QF 4 a 
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QFd E 
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Compounds 4 to U were available for re- 
cycling. 
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Example 6 
The reactor of length 210' cm was used in 
this Example, with the: reactor at 640°(1 a 
gaseous mixture of percfalorocthylenc 155 
parte, hydrogen fluoride 182 parts, and chlor- 
ine il> parts was passed through the reactor 
over a period of 4.5 hours giving an approxi- 
mate contact time of 4.6 seconds. Analysis of 
the organic fraction of the reactor off-gases 
showed it to comprise a mixture, of chW 
nuoiocarfaans, the composition being- — 



addition of hydrogen fluoride to methylacetvl- 
toe), chlonne 336 parts and hydrogen fluoride 
1U6.5 parrs, was passed over a period of 3 
hours (giving a contact time of 9.9 seconds) 
towgh the reactor maintained at 575°C 
The exit gases after washing and drying were 
condensed and analysed. Analysis indicated 
that the liquid was a imrture of chlotofluoro- 
carbons together with some chlorocarbons; the 
composmon being: — 

parts 



65 



70 



1 CFQ, 

2 CF s a 4 

3 CF 4 a 

4 CO, 

5 QOF 

7 CtCUF 

9 CFO=Ca. 



parts 
27.0 
19.6 
0.2 
2.6 
1-5 
1.9 
4.3 
14.1 
1.3 
58.4 



1 
2 
3 
4 
5 
6 
7 
S 
9 



CFCU 
CO* 

Qa ft 

CClF=Ca, 



35.8 
31.0 
2 
19 
17 
34.1 
4.9 
8.0 
11.2 



Example 7 
Th& reactor of length 105 cm was used in 
this Example, A gaseous mixture of S7 parts 
of chlorinated hydrocarbons (approxirnare 
composition trichloro ethylene 77 parrs, 1 13, - 
tocfaWthane 11 parts, vinylidene chloride^ 
parts, as and trans 1,2 - dichloroethylene 6 
parts, and tetrachJoroethylene: 2 parts) was 
passed with 55 parts hydrogen fluoride and 
114 parts chlorine through the reactor main- 
tamed at 600°C over a period of 2 hours. The 
contact tune was calculated to be 6 seconds. 
After washing and drying the volatile pro- 
ducts were condensed and the liquid was 
Shown to be a mixture of CF,C1 13 parts, 
CF 4 d 8 41 partj, CFQ, 5 parts, QF.^t 
parts and CRO, 32 parts. 

Example g 
Under conditions described in the previous 
Example a gaseous mixture of 108 parts of 
chlorinated hydrocarbons (approximate com- 
position, chloroform 27 parts, carbon tetra- 
chloride 27 parts, vinylidene chloride 2 pans, 
as and trans 1,2 - dichlorocthyfene 6 pflrS 
1,1 - dichloroethane 3 parts, trichlor^thylenc 
14 parts and ethyiidene dichloride 21 parts) 
was passed with 148 parts chlorine and 69 
parts hydrogen fluoride through the reactor 
at 60O°C. An ar^roximatc contact time of 
5J? seconds was obtained. After washing and 
drying the volatile products were condensed 
Analysis indicated that the liquid was a mix- 
ture of chloroiiuorocarbons having the 
approximate composition CP»Q 17 parts 
66 parts, OFO, 11 parts, QF& { 
parr, Cy^Cl, 5 parts. 

Example 9 

60 The apparatus used was as described in 
Example 7. A gaseous mixture of 2,2 - di- 
fluoropropane 40.5 parts (obtained from the 
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Example 10 
The apparatus used was as described in 
Example 7. A gaseous mixture of 2 - fluoro- 
propane 26.5 parts (obtained by the addition 
of hydrogen fluoride to propene), chlorine 289 
parts and hydrogen fluoride 115 parts was 
passed over a period of 25 hours (giving a 
contact tunc of approximately 3.6 seconds) 
through the reactor which was kept at 604° C. 
The reactor off-gases after washing and dry- 
ing were analysed and shown by conventional 
•analytical techniques to comprise essentially 
a mixture of cMorcfiuorocarbons together with 
some chlorocarbons the composition being: — 
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11.6 
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caF=ca a 
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WHAT WE CLAIM IS:— 
• 1- A process for the manufacture of a per- 
chloroflnorom ethane which comprises bringing 
into reaction an aliphatic hydrocarbon having 
three carbon atoms or a haiogenaTed aliphatic 
hydrocarbon (as hereinbefore defined) having 
one to Three carbon atoms with hydrogen 
fluoride and chlorine in the absence of a par- 
ticulate catalyst at a temperature in the ranae 
525°C to 700°C * 
2L A process as claimed in flai'm i ^ which 
the reaction temperature is at least 550°C 

3. A process as daimed in Qaim 1 or Claim 
2 in which the reaction temperature is in the 
range 575°C to 625°C 

4. A process as claimed in any one of the 
preceding claims wherein the organic starring 
material comprises chlorinated residue ob- 
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tamed in the production of chlorinated ali- 
phatic hydrocarbons, the said residues com- 
prising mixtures predominating in partially 
chlorinated C 2 hydrocarbons; 

5 5. A process as claimed in any one of 
Claims 1 to 3 wherein the organic starting 
rnaterial comprises a chlorinated or fiaorin- 
ated hydrocarbon containing three carbon 

. arenas. 

10 6. A process as claimed in any one of 
Claims 1 to 3 wherein the organic scarring 
material comprises an aliphatic hydrocarbon 
containing three: carbon atoms. 

7. A process as claimed in any one of 
15 a aims 1 to 3 wherein there is employed a 

starring material predominating in a partiaJly- 
chloTinated Q hydrocarbon and in which there 
arc employed from 1.5 to 5 moles both of 
hydrogen fluoride and of chlorine per mole 
20 of starting material. 

8. A process as claimed in any one of Claims 
1, 2, 3 and 6 wherein the organic starting 
material is a Q hydrocarbon and wherein 
there are employed af least 3 moles and up 

25 to 15 moles of hydrogen fluoride per mole of 
Cj hydrocarbon. 

9. A.'process as claimed in Claim 8 wherein 
there are employed at least 5 moles of hydro- 



gen fluoride and up to 15 moles of hydrogen 
fluondc per mole of Cs hydrocarbon. 30 

10. A process as claimed in Claim S or 
Claim 9 wherein there are employed from 5 
moles to 12 moles of chlorine per mole of 
Cj hydrocarbon. 

11. A process as claimed in any one of the 35 
preceding claims in which chtoro-, chloro- 
flaoro-, or fluorocarbon by-products are re- 
cycled to the process. 

12. A process for the manufacture of per- 
chloroEuoromcthanes substantially as des- 40 
cribed with reference to and as shown in any 
one of Examples 1 to 5. 

13. A process for the manufacture of per- 
chloTofluormtethanes substantially as described 
with reference to and as shown in any one of 45 
Examples 6 to S. 

14. A process for the manufacture of per- 
chloTofluoromethaues substantially as described 
with reference to and as shown in Example 

9 or Example 10. 50 

15. A perchlorofluoromerhanc whenever 
manufactured by a process claimed in any of 
the preceding claims. 

D. VINCENT, 
Agent for the Applicants. 
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